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(54) Image reading system 

(57) An image reading system constructed as in the 
following in order to shorten a time from a turn-on of an 
original illuminating lamp to a substantial image reading 
operation and perform a high speed scanning. A posi- 
tion and size of an original which do not require a stable 
light amount of the original illumination lamp are read 
during a forwards pre-scanning operation period (tps) 
during which the light amount is unstable after the start 
of the pre-scanning. During the period (tacsl) after a 
timing (t1) when the light amount becomes stable during 



the forwards pre-scanning operation, an original color 
information is read from an area of the original from 
which the color information cannot be read during the 
backwards pre-scanning operation. Accordingly, the 
total time required for the pre-scanning operation can 
be made shorter than that required by a conventional 
pre-scanning operation which reads the original infor- 
mation and color information only during the forwards 
pre-scanning operation. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001 ] The present invention relates to an image read- 
ing system including an illuminating means for illuminat- 
ing an original and a reading means for reading image 
information of the original from light reflected from the 
original illuminated by the illuminating means while 
moving forwards and backwards. 

Related Background Art 

[0002] In a color image reading system for reading a 
color image of an original illuminated by an original illu- 
minating lamp, a pre-scanning is generally performed 
prior to the substantial scanning in order to confirm a 
presence/absence of an original, an original size, an 
original position, original color information and the like. 
[0003] In an image reading system used with a copier 
having a variable magnification function or in other 
apparatuses, a reading optical system for reading an 
original image to be copied is moved from a home posi- 
tion and accelerated to a motion speed suitable for a 
read magnification factor, and thereafter the original 
image is read while the motion speed is maintained 
unchanged. Most of such image reading systems adopt 
a stepping motor in view of cost and high precision posi- 
tion alignment. 

[0004] In order for a stepping motor to drive a scanner 
at high speed and with low vibrations, it is essential to 
provide through-up and through-down of the motor. In 
order to read color information, it is necessary to read 
the color image at a constant speed and without vibra- 
tions. Accordingly, system design generally requires a 
preliminary drive period of the motor to attenuate vibra- 
tions generated during the through-up. 
[0005] Notches or jags of a read image are formed 
more by a marginal step angle and drive torque of a 
stepping motor, the larger the read magnification factor 
of an original is. In most cases, jags can be suppressed 
by dividing a step angle of the stepping motor into micro 
step angles by which the motor is driven. 
[0006] During the pre-scanning, the original size and 
the like can be read even in an unstable state of the light 
amount of an original illuminating lamp. However, in 
reading original color information, it is necessary to per- 
form the pre-scanning in a sufficiently stable state of the 
light amount. Prior to starting the pre-scanning read 
operation, it is therefore necessary to provide a stand- 
by period until the light amount becomes stable. The 
distance required for the through-up and through-down 
to suppress vibrations becomes longer, the faster the 
motor drive speed is. This becomes an obstacle against 
making the image reading system compact. 
[0007] If a motion distance per one micro step used for 



suppressing jags becomes nearly equal to a distance 
between original read lines, jags by a marginal drive 
torque become conspicuous. The shortest period of 
drive pulses is limited by a process time of control soft- 
ware of a microprocessor which drives a stepping 
motor. Therefore, even if a micro step is used, the 
motion distance per one micro step often becomes 
nearly equal to the distance between original read lines, 
and jags of a read image are likely to be formed. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to pro- 
vide an image reading system capable of shortening an 
original reading time and realizing a high speed read- 
ing. 

[0009] In order to achieve the above object, according 
to one embodiment of the invention, there is provided an 
image reading system comprising: illuminating means 
for illuminating an original; reading means for reading 
an image of the original by using light reflected from the 
original illuminated by the illuminating means; moving 
means for relatively moving the reading means and the 
image in first and second directions, the first and sec- 
ond directions being opposite to each other; and control 
means for controlling to make the reading means read 
the image while being relatively moved by the moving 
means in the first direction, and read the same image 
while being relatively moved by the moving means in 
the second direction. 

[0010] According to an another embodiment of the 
invention, there is provided an image reading method 
comprising the steps of: illuminating an original with illu- 
minating means; reading an image of the original by 
using light reflected from the original illuminated by the 
illuminating means, by using reading means; relatively 
moving by moving means, a relative motion between 
the reading means and the image in first and second 
directions, the first and second directions being oppo- 
site to each other; and controlling to make the reading 
means read the image while being relatively moved by 
the moving means in the first direction, and read the 
image while being relatively moved by the moving 
means in the second direction. 
[001 1 ] The above configurations of the embodiments 
can shorten an original reading time and realize high 
speed reading. 

[0012] The above and other objects, features, and 
advantages of the present invention will become appar- 
ent from the following detailed description when read in 
conjunction with the accompanying drawings and the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

Fig. 1 is a block diagram showing the outline struc- 
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ture of a color image reading system according to 
an embodiment of the invention. 
Fig. 2A is a timing chart showing a change with time 
in an amount of light radiated from an original illumi- 
nating lamp of a conventional image reading sys- 
tem. 

Fig. 2B is a timing chart showing a change with time 
in a pulse speed (PPS) of a pulse motor for moving 
an optical system of the conventional image read- 
ing system. 

Fig. 2C is a timing chart showing a change with 
time in a vibration level generated by the conven- 
tional image reading system. 
Fig. 2D is a timing chart showing a change with 
time in an amount of light radiated from an original 
illuminating lamp of an image reading system 
according to an embodiment of the invention. 
Fig. 2E is a timing chart showing a change with time 
in a pulse speed (PPS) of a pulse motor for moving 
an optical system of the embodiment image reading 
system. 

Fig. 2F is a timing chart showing a change with time 
in a vibration level generated by the embodiment 
image reading system. 

Fig. 3 is a block diagram showing the outline struc- 
ture of an image processing circuit shown in Fig. 1 . 
Figs. 4A and 4B are diagrams showing a layout of 
an optical system and illustrating an original detect- 
ing operation. 

Fig. 5 is a diagram illustrating an original size dis- 
criminating operation and an original position 
detecting operation. 

Fig. 6 is a diagram illustrating an original size dis- 
criminating operation and an original position 
detecting operation. 

Fig. 7 is a block diagram showing the outline struc- 
ture of an original position/size detecting circuit 
shown in Fig. 3. 

Fig. 8 is a block diagram showing the outline struc- 
ture of an ACS circuit shown in Fig. 3. 
Fig. 9 is a diagram showing an example of regions 
discriminating between a black-and-white image 
and a color image. 

Fig. 10 is a cross sectional view showing the struc- 
ture of a multi-function digital copier incorporating 
an image reading system according to a second 
embodiment. 

Fig. 1 1 is a circuit block diagram showing the struc- 
ture of an image signal processing unit of the copier 
shown in Fig. 10. 

Fig, 12 is a block diagram showing the structure of 
a driver circuit for a motor. 
Fig. 13 is a block diagram showing an optical sys- 
tem including a scanner unit and the like. 
Fig. 14 is a diagram showing the speed-torque 
characteristics of a stepping motor. 
Figs. 15A and 15B are diagrams showing the step 
response characteristics of the stepping motor. 



Fig. 16 is a timing chart illustrating the relation 
between a motor drive control and a current control. 
Fig. 1 7 is a flow chart illustrating a sequence of cal- 
culating a motor drive control value by a control 

5 unit. 

Fig. 18 is a flow chart illustrating a motor supply 
current control sequence by the control unit. 
Fig. 19 is a block diagram showing the structure of 
an image reading system according to a third 

w embodiment. 

Fig. 20 is a diagram illustrating a relation between a 
display state of an operation panel of the image 
reading system shown in Fig. 19 and a drive state 
of a mirror mount unit of the image reading system. 

15 Fig. 21 is a block diagram showing the structure of 
a control unit for controlling the mirror mount unit of 
the image reading apparatus shown in Figs. 19 and 
20. 

20 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Embodiments of the invention will be described 
with reference to the accompanying drawings. 

25 [001 5] A first embodiment of the invention will be 
described with reference to Figs. 1 to 9. 
[0016] Fig. 1 is a block diagram showing the outline 
structure of a color image reading system of the first 
embodiment. This system has in its upper side an origi- 

30 nal support glass 202 for placing an original 201 ther- 
eon and an original cover 203 for holding down the 
original 201 placed on the original support glass. In the 
lower side, the system has an optical system as a read- 
ing means and an image processing circuit 208. The 

35 optical system is constituted of a first mirror unit 204, a 
second mirror unit 205, a focussing lens 206, and a 
color CCD (charge coupled device) line sensor 207 
(hereinafter simply called a line sensor) having R (red), 
G (green) and B (blue) three color separation filters (not 

40 shown). 

[0017] The first mirror unit 204 has an original illumi- 
nating lamp 209 as an illuminating means and a mirror 
210 fixedly mounted thereon, and the second mirror unit 
205 has mirrors 21 1 and 212 fixedly mounted thereon. 

45 The image processing circuit 208 is connected to a CPU 
213 which controls the operation of this circuit 208. The 
original illuminating lamp 209 is controlled by CPU 213 
via a driver circuit not shown, and the first and second 
mirror units 204 and 205 are controlled by CPU 213 via 

so driver mechanisms not shown. 

[0018] The first mirror unit 204 and original illuminat- 
ing lamp 209 scan the original 201 placed on the origi- 
nal support glass 202 at a speed two times as high as 
the speed of the second mirror unit 205. 

55 [001 9] The original 20 1 placed on the original support 
glass 202 is illuminated by the original illuminating lamp 
209. Light reflected from the original 201 is guided by 
the mirrors 210, 21 1 , and 21 2 to the focussing lens 206, 
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and focussed upon the line sensor 207. Light focussed 
upon the line sensor 207 is separated by the color sep- 
aration filters into R, G, and B components and con- 
verted into color image signals which are supplied to the 
image processing circuit 208. An electrical scan (main 
scanning) by the line sensor 207 and a mechanical scan 
(sub-scanning) by the original illuminating lamp 209 and 
mirrors 210 to 212 are repeated to obtain image infor- 
mation of the whole area of an original. The image 
processing circuit 208 processes input image signals 
and outputs the processed image signals to an exter- 
nally connected printer or the like. 
[0020] A pre-scanning operation by the color image 
reading system shown in Fig. 1 will be described. A pro- 
gram for executing this pre-scanning operation is stored 
in a memory of CPU 213 shown in Fig. 1. In accordance 
with this program, CPU 213 controls the system. Figs. 
2A to 2C are timing charts illustrating a conventional 
read operation by the image reading system, and Figs. 
2D to 2F are timing charts illustrating an embodiment 
read operation by the image reading system. Figs. 2A 
and 2D are timing charts showing a change with time in 
an amount of light radiated from the original illuminating 
lamp, Figs. 2B and 2E are timing charts showing a 
change with time in a pulse speed (PPS) of a pulse 
motor for moving the optical system, and Figs. 2C and 
2F are timing charts showing a change with time in a 
vibration level generated by the system. 
[0021 ] First, a conventional image read operation will 
be described with reference to Figs. 2A to 2C. When an 
original read command is entered, the original illuminat- 
ing lamp 209 is turned on. However, the light amount is 
unstable immediately after the lamp is turned on, during 
a period (0 to t1) as shown in Fig. 2A. According to the 
conventional techniques, reading an original image 
starts at a timing t1 when the light amount of the original 
illuminating lamp becomes stable, and continues until a 
timing t2. In accordance with image signals output from 
the line sensor 207 during this read operation, CPU 213 
judges a presence/absence of an original, an original 
position, and an original size, and acquires original color 
information. 

[0022] In order to prepare for the read start at the tim- 
ing t1 , driving the pulse motor starts at the timing tO. The 
start of driving the pulse motor is set earlier than the 
read start, because as shown in Fig. 2C, vibrations gen- 
erated in the system are large during an acceleration 
period immediately after the start of driving the pulse 
motor and an image cannot be read stably. After the 
image pre-scanning is completed, the motor is stopped 
and driven in the reverse direction to return the optical 
system to the home position without reading the image 
during the backwards scanning. 
[0023] Next, the image read operation of this embod- 
iment will be described with reference to Figs. 2D to 2F. 
[0024] When an original read command is entered, 
the original illuminating lamp 209 is turned on and at the 
same time the motor is driven. When acceleration of the 



motor is completed and the speed becomes constant, 
reading an original image starts and continues until a 
timing t6. An image is read in an unstable light amount 
of the original illuminating lamp during the period from a 

5 timing t5 to the timing t1, immediately following the 
stand of the image read operation. Even if there is a var- 
iation of the light amount more or less, a pres- 
ence/absence of an original, an original size, and an 
original position can be judged because they are judged 

io from density data of image signals output from the line 
sensor 207. Thus, such the things are judged from the 
image signal output from the line sensor 207 during that 
period. 

[0025] During the period tacsl from the timing t1 to t6 

15 in a stable light amount state, not only the pres- 
ence/absence of an original, original size, and original 
position are judged but also color information of the 
original is read, because the color information cannot 
be read correctly unless the light amount of the original 

20 illuminating lamp becomes constant and vibrations gen- 
erated upon driving the motor are reduced considerably. 
After the completion of the image read operation in the 
forwards scanning, the motor is stopped and driven in 
the reverse direction to start a backwards scanning 

25 operation. In the backwards scanning operation and 
during a period tacs2 from a timing t9 to t10 without 
vibrations at the start of driving the pulse motor, original 
color information is read from an area other than the 
area read during the period tacsl in the forwards scan- 

30 ning operation. 

[0026] CPU 213 outputs a reference signal S1 and a 
signal S2. The reference signal S1 instructs to read the 
color information of an original, during the forwards 
scanning operation after the lamp light amount 

35 becomes stable, from an area where the backwards 
scanning operation cannot read the color information. 
The signal S2 indicates the backwards scanning opera- 
tion and is output during the backwards scanning oper- 
ation of the optical system. CPU 213 also outputs, at 

w timings to be later described, a video clock signal VCLK, 
a video enable signal VE, and a slice level signal CSO 
to be used by a slice level determination circuit. 
[0027] In a color image reading system of the type that 
an optical system is moved reciprocally, the time taken 

45 by the pre-scanning operation of this embodiment can 
be shortened by At as shown in Fig. 2E as compared to 
a conventional pre-scanning operation which judges the 
presence/absence of an original, original size, and orig- 
inal position and reads color information only during the 

so forwards scan. 

[0028] Furthermore, since the original color informa- 
tion is read during the forwards scanning period tacs, 
from the area corresponding to the period tdis during 
which the original color information cannot be read 

55 because of vibrations generated at the start of the back- 
wards scanning operation. Accordingly, it is not neces- 
sary to provide means for absorbing vibrations to read 
the original color information in the backwards scanning 
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operation, so that the image reading system can be 
made compact. 

[0029] Fig. 3 is a block diagram showing the outline 
structure of the image processing circuit 208. 
[0030] The image processing circuit 208 has: an ana- 
log/digital (A/D) conversion circuit (hereinafter called an 
A/D conversion circuit) 302 for converting an input ana- 
log signal into a digital signal; a shading correction cir- 
cuit 303 for correcting shading distortion; a slice level 
determination circuit 304 for determining a slice level of 
an image signal which circuit is used for detecting an 
original position or size to be later described; a main 
scanning address counter 305, a sub-scanning address 
counter 306; an image color information recognition cir- 
cuit (hereinafter called an ACS circuit) 307; and an orig- 
inal position/size detection circuit 308. Each of these 
components are connected to and controlled by CPU 
213. 

[0031] The slice level determination circuit 304 is reset 
by the video clock signal VCLK and determines a slice 
level in accordance with the slice level signal CSO sup- 
plied from CPU 213. The determined slice level signal is 
input to the original position/size detection circuit and is 
used for detecting an original position, an original size 
and the like to be described later. 
[0032] The main scanning address counter 305 is ini- 
tialized by the video enable signal VE supplied from 
CPU 213 and counts the video clock signal VCL output 
from CPU 213 to thereby output an address signal Ax 
corresponding to the address in a main scanning direc- 
tion X on the original support glass 202. The sub-scan- 
ning address counter 306 counts the video enable 
signal VE output from CPU 213, starting from an origi- 
nal reference position SP to be described later, and out- 
puts an address signal Ay corresponding to an address 
in the sub-scanning direction Y on the original support 
glass 202. The address signals output from the address 
counters 305 and 306 are input to the original posi- 
tion/size detection circuit 308. 
[0033] The ACS circuit 307 is a circuit for discriminat- 
ing between a color image and a black-and-white image 
of the original 201 . The ACS circuit 307 is activated by 
the signals S1 and S2 output from CPU 213 during the 
pre-scanning operation of the optical system, and 
serves as first and second original area color informa- 
tion reading means which judges color information of an 
original. Namely, the ACS circuit 307 is controlled to be 
operative only during reading a first area of an original 
during the forwards pre-scanning operation while the 
signal S1 is supplied and during reading a second area 
different from the first area of the original during the 
backwards pre-scanning operation while the signal S1 
is supplied. As the forwards pre-scanning operation 
starts, image signals (R, G, B) of the image information 
of the original 201 are input from the line sensor 207 to 
the A/D conversion circuit 302 which converts the input 
image signals (R, G, B) into digital signals. Irregular out- 
puts of the line sensor 207 and original illuminating 



lamp 209 contained in the digital image signals are cor- 
rected by the shading correction circuit 303. The shad- 
ing corrected image signals (R, G, B) are input to the 
slice level determination circuit 304 and ACS circuit 307. 

5 The slice level determination circuit 304 determines the 
slice level of the image signals in accordance with the 
slice level signal CSO supplied from CPU 213 and the 
image signals (R, G, B). The determined slice level is 
input as a slice level signal SL to the original posi- 

w tion/size detection circuit 308, together with the main 
scanning address signal Ax output from the main scan- 
ning address counter 305 and the sub-scanning 
address signal Ay output from the sub-scanning 
address counter 306. In accordance with the input sig- 

15 nals SL, Ax, and Ay, the original position/size detection 
circuit 308 detects the original position and size in a 
manner to be described later and outputs an original 
position address signal DAP and an original size signal 
Ds. The original position/size detection circuit 308 

20 serves as an original information reading means. 

[0034] During the above operation, since the signal S1 
from CPU 213 is not input to the ACS circuit 307 input 
with the shading corrected image signals (R, G, B), the 
judging operation of reading color information of the 

25 original is not performed. 

[0035] Similar to the forwards pre-scanning operation, 
as the backwards pre-scanning operation starts, shad- 
ing corrected image signals (R, G, B) are input to the 
slice level determination circuit 304 and ACS circuit 307. 

30 The slice level signal SL determined by the slice level 
determination circuit 304 is input to the original posi- 
tion/size detection circuit 308, together with the address 
signals Ax and Ay output from the main scanning 
address counter 305 and sub-scanning address counter 

35 306. The ACS circuit 307 performs an ACS operation 
relative to the area where the backwards scan operation 
cannot perform the ACS operation, during the forwards 
scan operation according to the signal S1 , whereas the 
ACS circuit 307 performs the ACS operation relative to 

40 the area where the forwards scan operation cannot per- 
form the ACS operation, during the backwards scan 
operation according to the signal S2. By this, it is dis- 
criminated whether an image 20 of the original is mono- 
chromatic or color signal by a method described 

45 hereinafter. The result of this discrimination is output as 
the ACS signal. 

[0036] Pre-scanning operations of the image reading 
system constructed as above will be described, the 
operations including an original detecting operation, an 
so original size detecting operation, an original position 
detecting operation, and an original color information 
reading operation. 

[0037] Figs. 4A and 4B are diagrams showing a layout 
of the optical system and illustrating the original detect- 
55 ing operation. 

[0038] The lower surface of the original cover 203 has 
a mirror reflection worked surface to prevent irregular 
reflection of light radiated from the original illuminating 
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lamp 209 onto the original cover 203. The original illumi- 
nating lamp 209 has two illuminating lamps which are 
disposed so that light radiated from one lamp is 
reflected by the lower surface of the original cover 203 
toward the other lamp. The mirrors 210 to 212 guide 
light reflected by the illumination lamp 209 to the line 
sensor 207. 

[0039] As shown in Fig. 4A, if there is no original on 
the original support glass 202, light radiated from the 
original illuminating lamp 209 will not be irregularly 
reflected so that the line sensor 207 does not receive 
light reflected from the original support glass 203. A por- 
tion of the line sensor 207 corresponding to an area not 
received the reflection light or an area without an origi- 
nal is judged as a black color portion by the original 
position/size detection circuit 308. As shown in Fig. 4B, 
if there is an original 201 on the original support glass 
202, illumination light from the original illuminating lamp 
209 is irregularly reflected by the original 201 and 
guided via the mirrors 210 to 212 to the line sensor 207. 
[0040] A presence/absence of an original can there- 
fore be determined based on whether or not reflection 
light is guided to the line sensor 207. In accordance with 
a portion of the line sensor 207 corresponding to an 
area of the original, the original position/size detection 
circuit 308 can judge that there is an original, in a man- 
ner to be described later. 

[0041 ] Next, with reference to Figs. 5 and 6, an origi- 
nal size detecting operation and an original position 
detecting operation will be described. 
[0042] Figs. 5 and 6 are diagrams illustrating the orig- 
inal size detecting operation and original position 
detecting operation. In Figs. 5 and 6, S represents the 
original support glass 202, and M and M' represent orig- 
inals 201 placed on the original support glass 202. An 
arrow X indicates the main scanning direction, an arrow 
Y indicates the sub-scanning direction, and SP repre- 
sents an original support reference position of the origi- 
nal support glass. 

[0043] Similar to the original presence/absence 
detecting operation, as the placed original M or M' is 
scanned with the optical system during the forwards 
scanning operation, the original position/size detection 
circuit 308 judges a presence of the original M or M' 
upon reception of reflection light from the original M or 
M'. In the following description, it is assumed that the 
originals M and M' are white originals, for the simplicity 
of description. 

[0044] Referring to Fig. 5, during the scan operation 
along the main scanning direction, the original coordi- 
nates Xmin and Xmax are detected from the outputs of 
the line sensor 207, the original coordinate Xmin being 
the nearest point to the origin of the main scanning 
where a black image changes first to a white image, and 
the original coordinate Xmax being the farthest point 
from the origin of the main scanning where the white 
image changes lastly to the black image. During the 
scanning operation along the sub-scanning direction, 



the original coordinates Ymin and Ymax are detected 
from the outputs of the line sensor 207, the original 
coordinate Ymin being the point where a black image 
changes first to a white image, and the original coordi- 

5 nate Ymax being the point where the white image 
changes lastly to the black image. The coordinate value 
P1 (Xmin, Ymin) is judged as the original position, and 
a rectangle having a diagonal line extending between 
the coordinate values P1 (Xmin, Ymin) and P2 (Xmax, 

io Ymax) is judged as the original size. 

[0045] In the case of the original M' placed obliquely 
as shown in Fig. 6, similar to the case shown in Fig. 5, 
during the scanning operation along the main scanning 
direction, the original coordinates Xmin' and Xmax' are 

15 detected from the outputs of the line sensor 207, the 
original coordinate Xmin' being the nearest point to the 
origin of the main scanning where a black image 
changes first to a white image, and the original coordi- 
nate Xmax' being the farthest point from the origin of the 

20 main scanning where the white image changes lastly to 
the black image. During the scanning operation along 
the sub-scanning direction, the original coordinates 
Ymin' and Ymax' are detected from the outputs of the 
line sensor 207, the original coordinate Ymin' being the 

25 point where a black image changes first to a white 
image, and the original coordinate Ymax' being the 
point where the white image changes lastly to the black 
image. The coordinate value P3 (Xmin', Ymin') is judged 
as the original position, and a rectangle having a diago- 

30 nal line extending between the coordinate values P3 
(Xmin', Ymin') and P4 (Xmax', Ymax') is judged as the 
original size. 

[0046] The above-described original position/size 
detecting operation is performed by the original posi- 

35 tion/size detection circuit 308. 

[0047] Fig. 7 is a block diagram showing the outline 
structure of the original position/size detection circuit 
308. As shown in Fig. 7, the original position/size detec- 
tion circuit 308 is mainly constituted of flip-flop circuits 

40 (hereinafter called F/F) 701 , 704 to 713, an AND gate 
703, and calculation circuits 714 and 715. 
[0048] The shading corrected image signal (R, G, B) 
from the shading correction circuit 303 is applied to a 
terminal A of F/F 702, and at the same time the slice 

45 level signal SL from the slice level determination circuit 
304 is applied via F/F 701 to a terminal B of F/F 702. 
The slice level signal SL and the image signal (R, G, B) 
applied to the terminals A and B are compared. It is 
judged from the comparison result whether the currently 

so scanned area is an original area or not. Specifically, 
whether the currently scanned area is a black image or 
a white image is judged based upon whether the signal 
level of the image signal (R, G, B) is larger than the slice 
level. If the image signal level is larger than the slice 

55 level SL, it is judged as the original area, and F/F 702 
outputs an original detection signal DA. 
[0049] The original detection signal DA is input to the 
AND gate 703. The original detection signal DA is out- 



6 



11 

put from the AND gate as a DAC signal, synchronously 
with the video clock signal VCLK supplied from CPU 
213. The DAC signal is input to F/F 704 and F/F 709. 
[0050] F/F 704 is supplied with the main scanning 
address signal Ax from the main scanning address 
counter 305. An address of an original area in the main 
scanning direction is supplied to the next stage circuit 
synchronously with an input of the DAC signal. 
[0051 ] F/Fs 705 and 706 constitute a circuit for deter- 
mining the minimum address from addresses input from 
F/F 704. F/F 706 is preset with a maximum address 
value at the start of pre-scanning. This maximum preset 
address is compared with the input address by F/F 705. 
If the input address is smaller than the preset address, 
this input address is stored in F/F 706, and the last input 
address is stored in F/F 706 as the minimum address 
Xmin. 

[0052] F/Fs 707 and 708 constitute a circuit for deter- 
mining the maximum address from addresses input 
from F/F 704. F/F 706 is cleared to 0 at the start of pre- 
scanning. The value in F/F 708 is compared with the 
input address. If the input address is larger than the 
value in F/F 708, the input address is stored in F/F 708. 
By repeating the compare/store operation of an input 
address, the maximum address Xmax of the main scan- 
ning address signals Ax is eventually stored in F/F 708. 
[0053] Similar to the main scanning address 
described above, F/Fs 709 to 713 determine the sub- 
scanning minimum and maximum addresses Ymin and 
Ymax from the sub-scanning address signals Ay, and 
the determined addresses are stored in F/Fs 71 1 and 
713. 

[0054] The original position address signal DAP 
(Xmin, Ymin) is generated from the main scanning min- 
imum address Xmin and sub-scanning minimum 
address Ymin. 

[0055] The calculation circuit 71 4 performs a calcula- 
tion of the following equation (1) by using the deter- 
mined main scanning minimum and maximum 
addresses Xmin and Xmax. The calculation circuit 715 
performs a calculation of the following equation (2) by 
using the determined sub-scanning minimum and max- 
imum addresses Ymin and Ymax. 

Dsx = Xmax - Xmin (1) 

Dsy = Ymax - Ymin (2) 

[0056] From these calculation results, the original size 
signal Ds (Dsx, Dsy) is generated. 
[0057] The original position address signal DSP 
(Xmin, Ymin) and the original size signal Ds (Dsx, Dsy) 
are supplied to CPU 213 or an externally connected out- 
put device such as a printer. 

[0058] Next, an original color information reading 
operation will be described with reference to Fig. 8 
which operation is performed during partial periods of 
the forwards and backwards pre-scanning operations. 
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As described earlier, the original color information read- 
ing operation is performed by the ACS circuit 307 which 
is activated by the signal S1 supplied from CPU 213. 
[0059] Fig. 8 is a block diagram showing the outline 

5 structure of the ACS circuit 307. 

[0060] As shown in Fig. 8, the ACS circuit 307 is con- 
stituted of a flip-flop (F/F) circuit 801, a maximum value 
calculation circuit 802, a minimum value calculation cir- 
cuit 803, and an image kind discrimination circuit 804 

w having a preset look-up table. 

[0061] The shading corrected image signal (R, G, B) 
is input to F/F 801 . F/F 801 supplies only the image sig- 
nal in the original detected area to the maximum and 
minimum value calculation circuits 802 and 803, in 

(5 response to the DAC signal supplied from the AND gate 
703 shown in Fig. 7. The maximum value calculation cir- 
cuit 802 derives a maximum value Max (R, G, B) from 
the input image signal (R, G, B), and the minimum value 
calculation circuit 803 derives a minimum value Min (R, 

20 G, B), the maximum and minimum values being input to 
the image kind discrimination circuit 804. 
[0062] The image kind discrimination circuit 804 
judges whether the maximum and minimum values Max 
and Min are in a monochromatic image area or a color 

25 image area. Similar to the forwards scan operation, the 
original position/size detection circuit 308 detects the 
original position/size during the backwards scan opera- 
tion. However, the output signals DAP and Ds are inval- 
idated by CPU 213. 

30 [0063] Fig. 9 is a diagram showing an example of 
regions discriminating between a monochromatic image 
and a color image. This discrimination data is stored in 
the image kind discrimination circuit 804 as the look-up 
table. In Fig. 9, a region 901 is a monochromatic image 

35 region, and a region 902 is a color image region. The 
image kind can be discriminated by setting the minimum 
value Min (R, G, B) to the X-axis and the maximum 
value Max (R, G, B) to the Y-axis. The image kind dis- 
criminated by the image kind discrimination circuit 804 

40 is supplied as the ACS signal to an externally connected 
output device such as a printer. 
[0064] As described above, in this embodiment, dur- 
ing the forwards scanning operation, the original infor- 
mation which does not require a stable light amount is 

45 detected in an unstable light amount state immediately 
after the original illuminating lamp 209 is turned on, and 
the original color information is read after the light 
amount of the original illuminating lamp 209 becomes 
stable. During the backwards scanning operation, the 

so original color information is read in a light amount stable 
state from an original area other than the area from 
which the original color information was read during the 
forwards scanning operation. It is therefore possible to 
shorten the time from turning on the illuminating means 

55 to starting reading an image. The time required for the 
pre-scanning operation can be shortened and a high 
speed pre-scanning operation can be realized easily, 
which has been difficult for a conventional pre-scanning 



EP 0 905 969 A2 



7 



EP 0 905 969 A2 



14 



operation of an image reading system. 
[0065] Furthermore, the original color information, 
corresponding to the period while vibrations are gener- 
ated immediately after the start of driving the motor in 
the backwards scanning operation, is read in the for- 
wards scanning operation. Accordingly, it is not neces- 
sary for a color image reading system to provide the 
through-up and vibration absorber for driving it with low 
vibrations. Therefore, the size of the equipment can be 
reduced. 

[0066] Next, the second embodiment will be described 
with reference to Figs. 10 to 18. 
[0067] Fig. 1 0 is a schematic cross sectional view of a 
multi-function digital copier (hereinafter simply called a 
copier) to which the image reading system of the sec- 
ond embodiment is applied. 

[0068] The copier is mainly constituted of an image 
reading apparatus (hereinafter called a reader unit) 1, 
an image output apparatus 2 (hereinafter called a 
printer unit), a sorter unit 3, a control unit 4, an operation 
display unit 5 including an operation unit 5a and a dis- 
play unit 5b, and an external apparatus 6. The reader 
unit 1 reads an original and generates image data 
thereof. The printer unit 2 prints a visible image of image 
data on a transfer sheet in response to a predetermined 
print command and has a plurality type of transfer sheet 
cassettes. The sorter unit 3 sorts transfer sheets printed 
with the printer unit 2 and accommodates the sorted 
transfer sheets. The control unit 4 controls the reader 
unit 1 , printer unit 2, and sorter unit 3. The operation unit 
5a and display unit 5b are used for selecting, setting, 
and confirming functions of copy, facsimile, and the like. 
The external apparatus is electrically connected to the 
control unit 4. 

[0069] The external apparatus 6 is provided with a fac- 
simile interface 8 for transmitting an image signal from 
the reader unit 1 to the external circuit via a line and 
receiving an image signal from the line, and with a com- 
puter interface 8 for transferring an image signal to and 
from a personal computer, a word processor or the like. 
[0070] Referring to Fig. 10, as a request for reading an 
original image is issued, originals (not shown) placed on 
an original feeder 1 1 is transported one original after 
another to a predetermined position of an original sup- 
port glass 12. As the original is transported to the pre- 
determined position of the original support glass 12, an 
original illuminating lamp 13 in a scanner unit 14 is 
turned on. In this state, the scanner unit 14 starts mov- 
ing at a speed corresponding to a magnification factor to 
illuminate the original image, synchronously with a read 
signal supplied to a CCD image sensor (hereinafter sim- 
ply called a CCD) 19. 

[0071] Light reflected from the original image is input 
to CCD 19 via mirrors 15, 16, and 19 and a lens 18. 
CCD 10 has several thousand photoelectrical conver- 
sion elements disposed in line. The original image input 
to CCD 19 is converted into an electrical signal for each 
pixel, and after various processes for the original image 



signal, the processed signal is supplied to the printer 
unit 2. 

[0072] The image signal input to the printer unit 2 is 
converted into a modulated optical signal (laser beam) 

5 by a laser driver 20 serving as an exposure control unit, 
the laser beam being applied to a pre-charged photo- 
sensitive drum 21 . A latent image formed on the photo- 
sensitive drum 21 by the laser beam is developed by a 
developer 22. A transfer sheet is transported from a 

io transfer sheet stacker 23 or 24 synchronously with a 
motion of the top edge of the developed image. A trans- 
fer unit 25 transfers the developed image onto the trans- 
fer sheet. 

[0073] The transferred image on the transfer sheet is 
15 fixed by a fixing unit 26 and thereafter the transfer sheet 
is discharged by a paper discharge unit 27 to the out- 
side of the copier. If the sort function of a sorter unit 1 03 
is enabled, the transfer sheet discharged from the paper 
discharge unit 27 is guided to each bin, whereas if the 
20 sort function is not enabled, the transfer sheet is guided 
to the highest bin or a bin designated by an operator. 
[0074] Next, a method of sequentially outputting read 
images on both sides of a single transfer sheet will be 
described. 

25 [0075] A transfer sheet with its one side having an 
image fixed by the fixing unit 26 is once transported to 
the paper discharge unit 27, the transport direction of 
the transfer sheet is reversed by a transport switching 
member 28, and the transfer sheet is transported back 

30 to a re-feed transfer sheet stacker 29. 

[0076] As the next original is prepared, similar to the 
above processes, the original image is read and fixed to 
the other side of the transfer sheet fed from the re-feed 
transfer sheet stacker 29. In this manner, two original 

35 images are output to both sides of one transfer sheet. 
[0077] Fig. 1 1 is a circuit block diagram showing the 
structure of an image signal processing unit of the cop- 
ier described above. 

[0078] Light reflected from an original and applied to 

40 CCD 19 is photoelectrical^ converted by each photoe- 
lectric cell of CCD 19 and stored therein as electric 
charges. The photoelectric cells of CCD 19 are formed 
on three lines for each color of R (red), G (green), and B 
(blue), or C (cyan), M (magenta), and Y (yellow) to sup- 

45 ply color information. Electric charges stored in respec- 
tive cells are sequentially read synchronously with a 
read signal from a CCD driver to obtain analog signals 
of each line corresponding to the original image. 
[0079] After the electric charges of one line are read, 

so each cell of CCD 19 is reset to clear the electric charges 
to thereafter start storing electric charges of next origi- 
nal image signals. The analog signals read from CCD 
19 are amplified by a pre-amplifier 31 to make them 
match an input signal level to an A/D converter 32. 

55 [0080] An output signal from the A/D converter 32 is 
input to a shading correction circuit 33 to correct shad- 
ing distortion to be caused by a light distribution varia- 
tion of the illuminating lamp 23 and a sensitivity 
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variation of CCD 19. 

[0081 ] An output signal of the shading correction cir- 
cuit 33 is supplied to selectors 34 and 36. The selector 
34 selects either the output of the shading correction cir- 
cuit 33 or a signal read from an image memory 37 in 
accordance with an instruction from the control unit 4, 
and supplies the selected signal to an image processing 
circuit 35. 

[0082] The image signal processing circuit 35 per- 
forms a variable magnification process of an input 
image signal in the main-scanning direction. The image 
signal processing circuit 35 also performs when neces- 
sary a repeat process, a contour edge emphasis proc- 
ess using a spatial filter, a marker area judge process 
(using a luminance level for a black-and-white image 
and each color signal level for a color image), and a pat- 
terning/thickening/masking/trimming process. 
[0083] A sub-scanning variable magnification circuit 
40 performs a variable magnification process of a signal 
read from the image memory 37 in the sub-scanning 
direction in response to an instruction from the control 
unit 4. 

[0084] An output signal of the image signal processing 
circuit 35 is supplied to the selector 36 and a selector 
38. The selector 38 selects an output of the sub-scan- 
ning variable magnification circuit 40 in accordance with 
an instruction from the control unit 4, and supplies this 
signal to a selector 39. 

[0085] The selector 39 supplies the image signal to 
one of a laser driver 20 in the exposure control unit of 
the printer unit 2, a transmission unit of a facsimile inter- 
face 8, and a computer interface 9, in accordance with 
an instruction from the control unit 4. 
[0086] A selector 41 selects one of a signal from a 
reception unit of the facsimile interface 8 and a signal 
from the computer interface 9 in accordance with an 
instruction from the control unit 4. The selector 36 
selects one of a signal from the image processing circuit 
35, a signal from the shading correction circuit 33, and 
a signal from the selector 41 in accordance with an 
instruction from the control unit 4, and supplies the 
selected signal to the image memory 37. The image 
memory 37 sequentially stores inputted image signals. 
[0087] The control unit 4 controls a driver 42 to drive 
a motor 43 which is a driving means for driving the opti- 
cal system such as a scanner unit 14, a transfer sheet 
transport motor 44, a clutch 45, and a solenoid 46, to 
thereby control the optical system, a paper transport 
system, and the like while a sensor group 47 is moni- 
tored. The optical system exposes an original, and the 
paper transport system feeds and discharges a transfer 
sheet for forming an image. A non-volatile memory 
(e.g., battery backup RAM) is also connected to the 
control unit 4 which memory stores data specific to the 
copier, such as test pattern data for printer magnifica- 
tion correction to be later described and actuator drive 
conditions. The control unit 4 also operates to fetch a 
mode and an operation request set by using the opera- 



tion unit 5a of an operation/display unit 5 and display a 
set mode, an error alarm, and the like on the display unit 
5b. The control unit 4 makes a timing generating circuit 
49 supply operation timings to each circuit of the copier. 
5 The control unit 4 constitutes a detecting means for 
detecting an operation state of the driving means and a 
supply current control means for controlling a supply 
current to the motor 43. 

[0088] Fig. 12 shows a structure of a driving circuit of 
io an optical system driving motor (the above-described 
motor 43) for moving the optical system including the 
scanner unit 14, etal. 

[0089] In Fig. 1 2, the above-described driver 42 is dis- 
posed between the control unit 4 which controls moving 

15 of the scanner unit 14, and the motor 43 which is a step- 
ping motor for moving the scanner unit. The driver 42 
includes a motor controller 42a for controlling drive of 
the motor 43 and a motor driver 42b for controlling drive 
of the motor 43 by controlling a current supplied to the 

20 motor 43. 

[0090] When the original is read, the control unit 4 first 
supplies a current value limit signal to the motor driver 
42b in order to select a limit current value from a plural- 
ity of preset values. In response to this signal, the motor 

25 driver 42b controls the value of the current to the sup- 
plied. In addition, the control unit 4 outputs to the motor 
controller 42a, a CW/CCW signal instructing a rotation 
direction of the motor 43. Then, the control unit 4 out- 
puts to the motor controller 42a, a driving clock indicat- 

30 ing a driving timing of the motor 43. According to these 
CW/CCW signal and driving clock, the motor controller 
42a supplies an actual motor drive signal to the motor 
43 through the motor driver 42b. 
[0091] Fig. 13 shows the structure of the optical sys- 

35 tern constituted of the scanner unit 1 4 and the like. 
[0092] In Fig. 13, a unit A is used for making an optical 
path from the scanning position of a scanner unit 14 to 
CCD 19 always constant, and has mirrors 16 and 17 
similar to those shown in Fig. 1 . By moving the scanner 

w unit 14 and unit A in the direction indicated by two 
arrows "D1 " and "D2", an original image is scanned and 
CCD 19 reads the original image at predetermined tim- 
ings. 

[0093] Fig. 14 is a graph showing ideal pull-in torque 
45 characteristics (starting characteristics) and pull-out 
torque characteristics (continuous running characteris- 
tics) of the motor 43 (stepping motor) used by the 
embodiment. 

[0094] A stepping motor has generally pull-in and pull- 
so out torque characteristics. A pull-in torque means a load 
torque which allows a stepping motor in a still state to 
operate without any misstep while drive pulses of a pre- 
determined frequency are applied. The pull-in charac- 
teristics are the characteristics showing a relation 
55 between a drive frequency and a pull-in torque meas- 
ured by changing the drive pulse frequency. A pull-out 
torque means a load torque when the operation 
becomes step-out as a load torque is gradually 
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increased after a stepping motor is driven by drive 
pulses of a predetermined frequency. The pull-out char- 
acteristics are the characteristics showing a relation 
between a drive frequency and a pull-out torque meas- 
ured by changing the drive pulse frequency. 
[0095] As seen from Fig. 14, the lower the drive fre- 
quency is, i.e., the slower the motor drive speed is, the 
larger the pull-in and pull-out torques become. 
[0096] A control procedure of supplying current to the 
motor 43 will be described, which procedure is charac- 
teristic to the second embodiment constructed as above 
and can reduce jags to be generated while an original 
image is read. 

[0097] Figs. 15A and 15B are graphs showing step 
response characteristics of the motor (stepping motor) 
43. As seen from Figs. 15A and 15B, if a steady drive 
torque is smaller than a load torque, acceleration con- 
trol is performed at the drive start to gradually change to 
a steady drive speed from a drive speed capable of 
obtaining a start torque larger than the load torque, and 
deceleration control is performed at the drive end. The 
step response under the above conditions is shown in 
Fig. 15A. However, if the supply power is small or the 
drive frequency is high, the step response changes as 
shown in Fig. 15B. In this embodiment, the step 
response shown in Fig. 1 5B is utilized to reduce a power 
supply to the optical system drive motor during an orig- 
inal image read operation to thereby smoothly move the 
optical system and suppress jags of a read image. 
[0098] Fig. 16 is a timing chart showing a relation 
between a motion control and a current of the motor 43. 
[0099] The motion of the motor 43 is controlled to be 
accelerated and decelerated as shown in Fig. 16. Dur- 
ing an acceleration period A, a large torque is required 
in order to accelerate from an optical system stop state 
to a steady motion speed. Therefore, a relatively large 
current i1 is supplied to the motor 43. 
[0100] During a steady speed transition period B after 
the acceleration period A, acceleration applied to the 
optical system changes greatly so that vibrations are 
generated by a force of inertia of the optical system. In 
order to prevent position shift and step-out to be caused 
by the vibrations and reduce vibrations to be caused by 
an acceleration change, the current i1 continues to be 
supplied to the motor 43 up to an intermediate point dur- 
ing this transition period B. 

[0101] After vibrations caused by acceleration are 
reduced, the current supplied to the motor 43 is 
switched to a current i2. This current i2 is set to a value 
smaller than the current i1 so that the optical system 
can move more smoothly during the period C than dur- 
ing the period A or B. 

[0102] After the original image is completely read, the 
current supplied to the motor 43 is changed to a current 
i3 larger than the current i2. The current i3 is supplied 
during a period D. In this manner, a position shift by the 
force of inertial of the load can be prevented. During the 
backwards operation of the optical system (periods E to 



G), the current control similar to the above is performed. 
[0103] Next, the operation of the control unit 4 will be 
described with reference to Figs. 17 and 18. 
[0104] Fig. 1 7 is a flow chart illustrating the process of 

5 calculating a drive control value of the motor 43 to be 
executed by the control unit 4. 
[0105] As a user supplies the control unit 4 with a 
magnification factor and an original scanning length, by 
using the operation unit 5a shown in Fig. 1 1 to form an 

jo original image (Step S1701), the control unit 4 calcu- 
lates a step division number for the micro step drive 
(Step S1702) and an acceleration step number and 
deceleration step number (Step S1 703) in accordance 
with the supplied magnification factor. Instead of enter- 

15 ing the original scanning length by the operator, the 
original scanning length may be obtained by detecting 
the size of an original by using an original detection sen- 
sor. 

[01 06] In accordance with the supplied magnification 
20 factor and original scanning length and in accordance 
with the acceleration step number and deceleration step 
number calculated at Step S1703, a step number at a 
steady speed is calculated (Step S1 704). In accordance 
with the acceleration step number calculated at Step 
25 S1703, current switching timings are calculated (Step 
S1705) to thereafter terminate the process. 
[01 07] The acceleration step number is the number of 
steps of the motor 43 during the period A or E shown in 
Fig. 16. The deceleration step number is the number of 
30 steps of the motor 43 during the period D or G shown in 
Fig. 1 6. The steady step number is the number of steps 
of the motor 43 during the period C or F shown in Fig. 
16. 

[0108] Fig. 18 is a flow chart illustrating a process of 
35 controlling a supply current to the motor 43 to be exe- 
cuted by the control unit 4. 

[01 09] First, the control unit 4 calculates various drive 
control values for the forwards scanning operation by 
using the process illustrated in Fig. 17, and supplies the 

w motor driver 42b with a current control signal represent- 
ative of a predetermined acceleration current limit, i.e., 
the current i1 shown in Fig. 16 (Step S1802). The con- 
trol unit 4 sends an original reading rotation direction 
signal (signal representative of a motion direction of the 

45 optical system) to the motor controller 42a (Step 
S1803). An unrepresented timer is activated to start 
outputting a drive clock signal (Step S1804). In 
response to this drive clock signal, the motor 43 starts 
rotating (during the period A in Fig. 16). 

so [0110] It is judged whether the optical system is 
moved by the motor 43 by the acceleration step number 
calculated at Step S1703 (Step S1805). If not, Step 
S1805 is repeated until the optical system is moved by 
the acceleration step number, whereas if it is judged at 

55 Step S1805 that the optical system is moved by the 
acceleration step number, the steady speed step 
number calculated at Step S1 704 is designated (for dur- 
ing the period B), and the operation enters a standby 
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state until it becomes a current switching timing counted 
by the timer (Step S1806). 

[01 1 1 ] If it becomes a current switching timing at Step 
S1806, the control unit 4 sends a current limit signal 
representative of a predetermined current limit value for s 
reading an original, i.e., the current i2 shown in Fig. 16, 
to the motor driver 42b (Step S1807). In this state, the 
original is read (during the period C in Fig. 16). 
[0112] It is judged whether the optical system is 
moved by the motor 43 by the steady speed step w 
number calculated at Step S1704 (Step S1808). If not, 
Step S1808 is repeated until the optical system is 
moved by the steady speed step number, whereas if it is 
judged at Step S1808 that the optical system is moved 
by the steady speed step number, the deceleration step is 
number calculated at Step S1 703 is designated (for dur- 
ing the period D), and a current limit signal representa- 
tive of a predetermined deceleration current limit value, 
i.e., the current i3 shown in Fig. 16 is supplied to the 
motor controller 42a (Step S1809). It is checked 20 
whether the deceleration is completed (Step S1810). If 
completed, the control unit 4 supplies the motor driver 
42b with a signal instructing to turn off the supply cur- 
rent (Step SI 811). 

[01 1 3] As above, the supply current to the motor 43 is 25 
controlled in accordance with the drive state of the 
motor 43. Specifically, during the start-up period (first 
operation state) of the motor 43, an acceleration current 
is supplied, during the stop period (second operation 
state) of the motor 43 after the deceleration completion, so 
current is not supplied, and during a steady speed read- 
ing period (third operation state) of the motor 43, a read- 
ing current is supplied. 

[0114] These operations are performed both during 
the forwards and backwards scanning operations, by 35 
changing the motion direction designated at Step 
S1803. However, the steady speed becomes higher 
during the backwards scanning period (fourth operation 
state) than during the forwards scanning operation. 
Therefore, slightly larger currents are supplied during 40 
the periods E to G. 

[01 1 5] Since the acceleration step number (accelera- 
tion distance) and deceleration step number (decelera- 
tion distance) change with the original reading 
magnification factor, the current values supplied during 45 
the acceleration and deceleration may be configured to 
be switched. 

[01 1 6] As described above, according to the second 
embodiment, the supply current to the motor serving as 
the driving means for the scanning optical system is so 
changed in accordance with the drive states of the opti- 
cal system, such as acceleration, steady speed motion, 
deceleration, and motion to the home position. It 
becomes therefore possible to reduce jags of a read 
image. Furthermore, since the supply current is 55 
changed in accordance with the drive state of the optical 
system, it becomes possible to suppress jags of a read 
image without degrading a read operation smoothness. 



Still further, since the supply current to the motor is con- 
trolled in accordance with the motion state of the motor, 
power consumption can be reduced. 
[0117] Next, with reference to Figs. 19 and 21, the 
third embodiment will be described. 
[0118] Fig. 19 is a block diagram showing the struc- 
ture of an image reading system of the third embodi- 
ment. Referring to Fig. 19, the image reading system is 
mainly constituted of: a mirror unit 51 having an original 
illuminating lamp 52 and a mirror; an original support 
glass 53 for placing an original thereon; an original 
cover 54 for holding down an original placed on the orig- 
inal support glass 53; a lens 55 for focussing light radi- 
ated from the original illuminating lamp 52 and reflected 
from an original onto a CCD 56 as an image reading 
device; and a motor 57 for driving the mirror unit 51 for 
scanning an original. 

[0119] In the image reading system constructed as 
above, an original is placed on the original support 
glass 53 with its image side being made in contact with 
the original support glass 53. The mirror unit 51 is 
moved by the motor 57 while the original illuminating 
lamp 52 illuminates the original to scan the original. As 
the mirror unit 51 is moved, the original is sequentially 
illuminated from a P side to a Q side shown in Fig. 19, 
and light reflected from the original is guided by a plural- 
ity of mirrors to a lens 55 and focussed onto CCD 56. 
The focussed image information is photoelectrically 
converted by CCD 56 into electrical signals which are 
read as an image signal and sent to an image process- 
ing system, a display device, and the like connected at 
a later stage. 

[0120] Fig. 20 is a diagram illustrating a relation 
between an operation panel 58 of the image reading 
system shown in Fig. 19 and a drive state of the mirror 
unit 51 . Referring to Fig. 20, on the operation panel 58 a 
plurality of LEDs 59 serving as a display means are dis- 
posed in line in parallel to the scanning direction of the 
mirror unit 51. It is preferable that the plurality of LEDs 
59 have a total length covering at least the length of the 
original support glass so as to check the drive state of 
the mirror unit 51 over the whole original scanning area 
by a method to be described later. 
[0121] Fig. 21 is a block diagram showing the struc- 
ture of a control unit for controlling the mirror unit of the 
image reading system shown in Figs. 19 and 20. 
[0122] Referring to Fig. 21, a CPU 60 controls the 
whole of the image reading system and is connected to 
a scanner motor driving circuit unit 61 for controlling the 
drive of a scanner motor 57, to the operation panel 58, 
and to a memory storing various data. 
[0123] CPU 60 supplies a signal to the scanner motor 
driving circuit unit 61 at a predetermined timing set in 
the memory 62 to scan the mirror unit 51 . At the same 
time, CPU 60 sends a signal to the operation panel 58 
to turn on LEDs 59 in accordance with the drive state of 
the mirror unit 51. With this construction, an operator 
can visually check at once the drive state of the mirror 
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unit 51 even if the original cover 54 is closed during orig- 
inal scanning. 

[0124] As described above, according to the third 
embodiment, the drive state of the mirror unit can be 
checked correctly during original scanning. Accordingly, 
it is possible to prevent the original cover 54 from being 
opened inadvertently during original scanning. 
[0125] Many widely different embodiments of the 
present invention may be constructed without departing 
from the spirit and scope of the present invention. It 
should be understood that the present invention is not 
limited to the specific embodiments described in the 
specification, except as defined in the appended claims. 
[0126] An image reading system constructed as in the 
following in order to shorten a time from a turn-on of an 
original illuminating lamp to a substantial image reading 
operation and perform a high speed scanning. A posi- 
tion and size of an original which do not require a stable 
light amount of the original illumination lamp are read 
during a forwards pre-scanning operation period (tps) 
during which the light amount is unstable after the start 
of the pre-scanning. During the period (tacsl) after a 
timing (t1) when the light amount becomes stable during 
the forwards pre-scanning operation, an original color 
information is read from an area of the original from 
which the color information cannot be read during the 
backwards pre-scanning operation. Accordingly, the 
total time required for the pre-scanning operation can 
be made shorter than that required by a conventional 
pre-scanning operation which reads the original infor- 
mation and color information only during the forwards 
pre-scanning operation. 

Claims 

1. An image reading system comprising illuminating 
means for illuminating an original; reading means 
for reading an image of the original by using light 
reflected from the original illuminated by said illumi- 
nating means; and moving means for relatively 
moving said reading means and the image in first 
and second directions, the first and second direc- 
tions being opposite to each other, characterized in 
that 

control means for controlling to make said 
reading means read the image while being rel- 
atively moved by said moving means in the first 
direction, and read the image while being rela- 
tively moved by said moving means in the sec- 
ond direction. 

2. An image reading system according to claim 1 , fur- 
ther comprising color information detecting means 
for detecting color information of the image of the 
original during the relative motion by said moving 
means. 
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3. An image reading system according to claim 1, 
wherein said control means controls to make said 
reading means read a first area of the image while 
being relatively moved by said moving means in the 
firstdirection, and make said reading means read a 
second area of the image while being relatively 
moved by said moving means in the second direc- 
tion. 

io 4. An image reading system according to claim 3, fur- 
ther comprising color information detecting means 
for detecting color information of the image of the 
original during the relative motion by said moving 
means. 

15 

5. An image reading system according to claim 4, 
wherein said color information detecting means 
detects the color information in an area of the 
image after illumination by said illuminating means 

20 becomes stable during the relative motion in the 
firstdirection. 

6. An image reading system according to claim 5, 
wherein said color information detecting means 

25 detects during the relative motion in the second 
direction the color information in an area other than 
the area from which the color information was 
detected during the relative motion in the first direc- 
tion. 

30 

7. An image reading system according to claim 1, fur- 
ther comprising original detecting means for detect- 
ing a presence/absence of the original during the 
relative motion of said moving means in the first 

35 direction. 

8. An image reading system according to claim 1 , fur- 
ther comprising original size detecting means for 
detecting a size of the original during the relative 

40 motion of said moving means in the first direction. 

9. An image reading system according to claim 1 , fur- 
ther comprising original position detecting means 
for detecting a position of the original during the rel- 

45 ative motion of said moving means in the first direc- 
tion. 

10. An image reading method comprising the steps of 
illuminating an original with illuminating means; 

so reading an image of the original by using light 
reflected from the original illuminated by said illumi- 
nating means, by using reading means; and rela- 
tively moving by moving means, said reading 
means and the image in first and second directions, 

55 the first and second directions being opposite to 
each other, characterized in that 

the image reading method further comprises 
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the step of controlling to make said reading 
means read the image while being relatively 
moved by said moving means in the first direc- 
tion, and read the image while being relatively 
moved by said moving means in the second 5 
direction. 



11. An image reading method according to claim 10, 
further comprising the step of detecting color infor- 
mation of the image of the original during the rela- 10 
tive motion by said moving means. 



12. An image reading method according to claim 10, 
wherein said control step controls to make said 
reading means read a first area of the image while 15 
being relatively moved by said moving means in the 
first direction, and make said reading means read a 
second area of the image while being relatively 
moved by said moving means in the second direc- 



13. An image reading method according to claim 12, 
further comprising the step of detecting color infor- 
mation of the image of the original during the rela- 
tive motion by said moving means. 25 

14. An image reading method according to claim 13, 
wherein said color information detecting step 
detects the color information in an area of the 
image after illumination by said illuminating means 30 
becomes stable during the relative motion in the 
first direction. 



15. An image reading method according to claim 14, 
wherein said color information detecting step 3S 
detects during the relative motion in the second 
direction the color information in an area other than 
the area from which the color information was 
detected during the relative motion in the first direc- 



16. An image reading method according to claim 10, 
further comprising the step of detecting a pres- 
ence/absence of the original during the relative 
motion of said moving means in the first direction. 



17. An image reading method according to claim 10, 
further comprising the step of detecting a size of the 
original during the relative motion of said moving 
means in the first direction. 



18. An image reading method according to claim 10, 
further comprising the step of detecting a position 
of the original during the relative motion of said 
moving means in the first direction. 
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